Crown lengthening is a preprosthetic surgical procedure that results in the exposure of more tooth structure and reestablishment of a more apical gingival margin. Traditionally, it is an open-flap surgical procedure. Smile designing is becoming an increasingly popular treatment option, and the use of lasers for a crown lengthening greatly enhances the patient acceptability while reducing chairside time. There are no controlled studies for this application of lasers, however, a number of clinical case reports do exist. This article mainly focuses on reviewing all the current literature on crown lengthening performed by erbium lasers and exploring the process to achieve the best results.
INTRODUCTION
Crown lengthening is a preprosthetic surgical procedure that results in the exposure of more tooth structure and reestablishment of a more apical gingival margin. It is often required to enhance the retention of a fixed prosthesis or a dental restoration and prevent violation of the biologic width. [1] [2] [3] With the development of esthetic dentistry and the concept of "smile designing," it is now commonly used to enhance the appearance of a patient's smile. 1, [4] [5] [6] This paper mainly focuses on highlighting an alternative approach to crown lengthening in the esthetic zone. A traditional crown-lengthening procedure involves an open-flap surgery and removal of bone with rotary instruments. 1, 2, 7, 8 The healing period for such a procedure is usually 4 to 6 weeks. 1, 7, 8 It may lead to postsurgical complications, such as excessive bleeding, infection, repositioning of the marginal gingiva, and inflammation. 7, 9, 10 Erbium lasers offer an alternative which is minimally invasive and eliminate most of the complications faced in a conventional procedure. 2 Healing time is also significantly reduced.
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WORKING OF ERBIUM LASERS
Erbium lasers are considered both hard-and soft-tissue lasers in dentistry. They are available in two wavelengths: Er:YAG (Erbium:Yatrium-Aluminium-Garnet, 2.94 µm) and Er,Cr:YSGG (Erbium, Chromium:Yttrium-SeleniumGallium-Garnet, 2.78 µm). 11, 12 These mid-infrared wavelengths are highly absorbed primarily by water and also by hydroxyapatite and remove tissue by thermomechanical ablation. 1, 13, 14 The wavelengths are absorbed on the surface of the targeted tissue. Irradiating hard tissue with erbium lasers leads to rapid subsurface expansion of the interstitially trapped water within the mineral substrate causing a massive volume expansion which leads to microexplosions in the surrounding tissues. A water coolant and short pulse duration minimizes the heat transfer to the tooth. [15] [16] [17] By adjusting the power density, the erbium lasers can be used to create similar microexplosions in soft tissue. This causes a "shaving" or "planing" of the soft tissue rather than the deeper absorbed action of dedicated soft-tissue lasers. 15, 18 They are emitted via a free-running pulsed mode, and an accompanying water and air spray disperses debris and cools the operating field. Hence, the lasers ablate hard and soft tissue atraumatically when compared with removal via rotary instruments. minimizes the need for a revision surgery in most cases. The hemostatic properties of lasers increase the visibility, the biostimulation effect enhances postoperative healing, and the postoperative margins are more likely to remain stable. The procedure is also relatively pain-free and requires minimal chair time.
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Cobb 11 raises a number of questions in his literature review of lasers in periodontology.
Is there sufficient tactile sensation transmitted through the laser delivery tip to allow the clinician to adequately distinguish between bone and root surface cementum and/or dentin?" 11 Various clinicians recommend keeping the laser tip as parallel to the root surface as possible and following the gingival contour while resecting bone to minimize damage to the tooth surface. 2, 15, 23, 24 Have any of these reports determined if the roots of treated teeth incur surface damage, e.g., catering, ditching, charring, heat-induced cracking, or melting?" 11 Yung 26 conducted an uncontrolled study on 60 patients in a private setting with erbium lasers for various surgical periodontal procedures. The patients were followed up for 1 week, 1, 3 months, and up to 4 years later. He observed that even in a confined surgical site, such as in a closed-flap crown lengthening, if the intention and direction of the laser application is carefully preplanned, selective ablations can be successfully performed.
In cases requiring bone removal, does the lack of direct visualization allow the clinician to establish proper anatomical dimensions and contours that will maintain the gingival papilla postsurgically and prevent violation of the biologic width?" 11 Most clinicians mark the desired depth of resection onto the laser tip with the help of a caliper before the resection. 2, 15, 23, 24 Bone is resected following the natural anatomical contours of the tooth. 2, 15, 23, 24 Dyer recommends a sweeping motion from the mesial to the distal. 8 Flax uses a "sewing machine stitch" motion (precise up and down movements) for his clinical cases. 15 However, there are no controlled longitudinal or cohort studies supporting use of lasers for clinical crown lengthening using the closed-flap technique. There are no published research data.
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Steps for the Procedure
Case Selection
Appropriate case selection is essential to achieve maximum benefits of this treatment approach. 24, 27 The teeth in question should be of sound periodontal health. A comprehensive evaluation should be performed before deciding the method of treatment in each case (Fig. 1) . Preoperative records should include:
• Full mouth radiographs • Diagnostic casts and casts with wax mock-ups if necessary • "Diagnostic digital photographs recording the width and length of the anterior teeth, midline, gingival symmetry, and the position of the free gingivae in relation to the position of the upper lip during smiling 2 " • "Diagrammatic depictions of the level of gingiva to be achieved postoperatively on all photographic records 2 " • "A complete intraoral examination to assess the periodontal health of all teeth present, which should include assessment of crown-root ratios, probing depth, bleeding on probing, plaque and gingival indices, tooth mobility, and bone loss. 
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Periodontal Health
• The probing depth in the area should be within the healthy limits.
• Presence of periodontal pockets or spontaneous bleeding on probing are primary indicators of presence of periodontal disease and treatment should be postponed till these problems are addressed.
• Crown lengthening should only be performed on healthy tissue.
• Tooth mobility and bony defects render cases unfit for the procedure.
• If the crown-root ratio is unfavorable at the end of the procedure, alternative options should be considered.
• Existence of periodontal pockets in multiple areas
of the mouth could suggest a predisposition to periodontal disease; therefore, even if the targeted area is healthy, treatment should be postponed till a stable periodontal condition is established or alternative treatment methods should be considered.
Biologic Width
Biological width is a term coined by Kois. 9, 24 It includes the dimensional sum of the sulcus depth, connective tissue, and epithelial attachment. In healthy tissue the average width is approximately 3 mm in the facial and lingual aspect and around 3 to 5 mm in the mesial and distal aspect of any tooth. 9, 15, 23, 24 To ensure a predictable and stable crown lengthening, it is critical to maintain the biologic width at the end of the procedure.
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• Kao et al 27 stress that "Measuring the zone of attached gingiva determines the type of attached gingivaanatomic crown relationship. Transgingival sounding of the alveolar crest determines its relationship to the gingival crest, the cementoenamel junction (CEJ), and the mucogingival junction. The location of these anatomical landmarks will indicate whether there is gingival excess or normal gingival width and the location of alveolar crest in relationship to the CEJ. The surgical treatments to correct these defects are based on this differential diagnosis." • Bone sounding is performed before the procedure, under anesthesia, to determine the location of the alveolar crest in relation to the CEJ and the need for osseous resection to preserve the biologic width on all surfaces of the teeth post crown lengthening (Fig. 2) . It is performed a second time after the gingival excess has been removed and osseous recontouring is performed as necessary. Dyer suggests bone sounding on adjacent teeth to determine the average biologic width of the patient. He also recommends resecting bone 1 mm more than the average biologic width. 2 
Removal of Gingival Excess
The desired gingival margin is marked in the patient's mouth. The erbium laser is used with lower settings to remove the gingival excess (Fig. 3) .
Osseous Recontouring
Once the final gingival margin has been established and the required osseous recontouring has been determined, the laser is used to create an intrasulcular trough to improve access to the alveolar crest. The desired depth of resection is marked onto the laser tip with the help of a caliper. The laser tip is set at higher settings and kept parallel to the root surface and perpendicular to the alveolar crest 9, 15, 23, 24 (Fig. 4) . van As 28 suggests using 
Impressions for the Final Prosthesis
Impressions for the final prosthesis can be made on the same day as the crown lengthening, unless the case calls for a review of the margins before final impressions (Fig. 5 ). Flax used a polyvinylsiloxane impression material to take a full arch impression immediately after a closedflap crown lengthening in one of his case reports. 24 van
As 28 suggests that impressions can be made in the same appointment if a closed-flap crown lengthening is used to achieve the ideal biologic width for the final restoration.
Maintenance of Oral Hygiene and Post-surgical Care
In all case reports a vigorous and strict home care regimen was instructed to the patient, which consisted of Oxygel*, 0.12% chlorhexidine gluconate, and gingival massage. Mild nonsteroidal anti-inflammatory medication was prescribed for pain. ( Fig. 6 ).
CONCLUSION
There are numerous case reports that demonstrate laser-assisted closed-flap crown lengthening to be a predictable procedure with satisfactory results. When provided by a clinician with the adequate training in the use of lasers and with appropriate case selection, it can greatly enhance patient satisfaction and reduce chairside time. In some cases impressions can be taken on the same day of the procedure. It also significantly reduces healing time. The procedure is almost pain-free and does not have the same postoperative complications as a traditional crown lengthening, hence greatly increasing the patient acceptance. With the increasing popularity of smile designing, it is a great alternative to the conventional method. Appropriate case selection, maintenance of biologic width, and a strict home-care regime are critical for a successful outcome. When used judiciously, it is a very viable treatment option, which must be considered in every modern dental practice (Figs 7 and 8 ). 
